A CODING METHOD FOR BINARY DIGITS CODING 
AND ITS CIRCUIT FOR DIGITS TRANSMISSION 



FIELD OF THE INVENTION 

The present invention relates the field of digital data communication, particularly to 
the coding/decoding method and the circuit of using this method for digital data 
transmission. 

BACKGROUND OF THE INVENTION 

ADSL (Asymmetric Digital Subscriber Line) is a technology that uses the ordinary 
copper phone line for high-speed Internet connection. ADSL is currently undergoing 
deployment in North America, parts of Europe, as well as parts of China. 

The Discrete Multitone (DMT) modulation is the choice for ADSL. As a standard, 
DMT is adopted internationally by American National Standards Institute (ANSI), 
European Telecommunications Standards Institute (ETSI) and the International 
Telecommunications Union (ITU). There is a complete specification and there are 
numerous independent manufacturers developing DMT technology. 

DMT's ANSI T1.413 standard specifies 256 sub-channels, each with a 4kHz 
bandwidth, They can be independently modulated fi-om zero to a maximum of 15 
bits/sec/Hz. This allows up to 60 kbps per sub-channel. At low frequencies, where copper 
wire attenuation is low and signal to noise ratio (SNR) is good, it's common to use a very 
dense constellation - greater than 10 bits/Hz is typical. In unfavorable line conditions, 
modulation can be relaxed to accommodate lower SNR - usually 4 bits/Hz or less. 

In July 2002, the ITU completed G992.3 and G992.4 as new standards for ADSL 
called ADSL2. ADSL2 has been designed to improve the rate and reach of ADSL. On 
long telephone lines ADSL2 provide a data rate increase of 50 kbps. This results in an 
increase in reach of about 600 feet (with original data rate). At the loop reach as 20 kilo 
feet (about 6 km), the data rate increases from original ADSL's 100 kbps to the new 
ADSL2's 150 kbps. 



SUMMARY OF THE INVENTION 

The purpose of the present invention is to improve the digital signal transmission 



rate and reach, and a new digital signal coding method and its circuit for digital signal 
transmission is provided. 

For Uiis purpose, the present invention provides a binary digital signal coding 
method that the entire binary digital signal are represented by a sequence of pulse group. 
In this method, the binary digits "0" and "1" are corresponding to two special pre-defined 
pulse frequencies respectively. The two pulse groups have the same pre-defined number 
of pulses which is at least 2. This coding method may be called Pulse Group Duration 
coding (PGD). 

The present invention also provides a decoding method. The sequence of pulse 
groups is divided into a set of pulse groups, according to the same pre-defined number. 
The duration time of each pulse group is measured. The binary digits "0" or "1" is 
corresponding to a pulse group according to the differences of the duration time of the 
pulse groups. The duration time is the total time of the periods of all the pulses in the 
group, or is the sum of the periods of part of specially defined pulses in the pulse group. 

Furthermore, the present invention provides a digital signal transmission method 
which includes the process of sending the binary signals from the transmission side to the 
reception side through the medium. 

At the transmission side, the binary digits are expressed as a sequence of pulse 
groups and the sequence of pulse groups is sent to the medium. The digits "0" and "1" are 
expressed by the two pulse groups with two special pulse fi'equencies and with same 
pre-defined number of pulses. The two pulse groups have the same defined number of 
pulses. 

At the reception side, the sequence of pulse groups is received and divided 
according to the pre-defined number. The duration time of the pulse groups in the 
sequence of pulse groups are measured and the duration time differences of the pulse 
groups are used to express the binary digits "0" and "1". 

The said digital signal transmission procedure is carried out within one sub-channel 
or a plurality of sub-channels which is within the whole bandwidth of the medium. The 
said two special frequencies are located in the sub-channel. The said each of the two 
special frequencies is located at the each side of the central firequency of the sub-chaimel. 

Before the normal digital transmission, a synchronous process is performed for 
synchronizing the data transmission and reception and for correctly dividing the sequence 



of pulse groups into the said pulse groups. This procedure is as follows: 

The mark number, a pre-selected multi bytes binary number, is sent from the 
transmission side repeatedly, and the signals are received at the signal reception side. If the 
received number is not the same with the said mark number, one pulse is canceled before 
the next time in comparing the received number with the said mark number until the same 
number is received. 

The present invention also provides the implementation circuit of the digital signal 
transmission. The circuit comprises: 

The transmission medium, which is used for the pulse signal transmission; 

The coding module, which located in transmission side and used to convert the 
binary digits into a sequence of pulse groups in which the digits "0" and "1" are 
corresponding to the pulse groups consisting of same said pre-defined number of pulses 
and with two said special pre-defined frequencies; The pulse groups consist of same 
pre-defined number of pulses, and the said pre-defined number is at least 2; 

The band filer and amplifier module, which is located in the reception side and used 
for the signal band filtering and amplifying; 

The synchronous module, which is connected with the band filter and amplifier 
module and used for synchronizing the signal transmission and reception, and dividing the 
said sequence of pulse groups into said pulse groups; 

The decoding module, which is connected to the synchronous module and used for 
dividing the said sequence of the pulse groups into the pulse groups according to the said 
defined number; This module is also used for measuring the duration time of each pulse 
group and converting the said duration time differences into binary digits "0" or "1". 

The said coding module comprises: 

The interface, which is used for converting the transmitting digits into serial signals 
and sending the binary digits logical levels to the voltage level transfer circuit; 

The voltage level transfer circuit, which is used for transferring the binary logical 
levels into two special voltage levels; 

The voltage/fi-equency converter, which is used for generating the pulses with said 
two special fi-equencies according to the input two said special voltage levels; 

The binary counter, which is used for counting the pulses generated by the 
voltage/frequency converter, and as the said defined number of pulses is counted it 



controls interface to output the next digit bit. 
The said de-coding module comprises: 

The binary counter, which is used for counting the pulses in the said sequence of 
pulse groups, as the said defined number of pulses is reached, it controls the pulse group 
duration time measurement unit to measure the pulse group duration time; 

The pulse group duration time measurement unit, which is used for measuring the 
duration time of the pulse groups and output "low" or "high" voltage levels according to 
the difference of the duration time of the pulse groups for expressing the binary digits "0" 
or"l"; 

The interface, which is used for receiving the voltage outputs from the pulse group 
duration time measurement unit, and converting them as the binary logical voltage levels. 
The said filter and amplifier module comprising filters and amplifiers. 
The said synchronous module comprising: 

The pulse canceling circuit, which is used for each time canceling one pulse; 

The comparator, which is used for comparing the number output from decoding 
module with a said pre-selected mark number. If it is not the same, it controls the pulse 
canceling circuit to cancel one pulse from the sequence of the pulse groups, whereas if it is 
the same, the pulse canceling circuit will not work. 

The said transmission medium includes telephone line, co-axis cable and 
electromagnetic field. 

The Pulse Group Duration (PGD) coding method has the following advantages: 

1) The average transmission rate of PGD sub-channel is over 120 kbps, while the 
maximum rate of other related method in the world is 60 kbps. 

2) The experiment shows that PGD's sub-channel can work at the maximum rate in 
a 6 km long telephone, while the other related technique in the world can work at the 
maximum data transmission rate only on the lines shorter than 2 km and the signal to 
noise ratio is good. 

3) PGD's implementation is quite simple. Compared with the other complicated 
coding method, PGD can get a more reliable digital transmission with a lower cost. 

4) As the refining on PGD technique, we can enhance the measurement precision of 
pulse duration time and use more sub-channels to get the higher total transmission rate. 

5) The rate of PGD sub-channel is direct proportion to the central frequency of the 



sub-channel. So we can get the higher transmission rate in a transmission medium with 
higher working frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is PGD coding method illustration according to the present invention; 
Figure 2 is an enibodiment of the PGD coding method according to the present 
invention; 

Figure 3 is a typical PGD coding method application circuit block diagram 
according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

The following is the detailed description of the preferred embodinient as shown in 
the FIG 

This invention presents a coding method with which the bandwidth of the digits 
transmission mediimi is divided into many sub-channels. Two special frequencies are 
selected located at the two sides of the central frequency of the sub-channel. In the data 
transmission side, the pulse groups are generated corresponding to the two special 
frequencies. The duration time differences of the pulse groups are used to express the 
binary digits "0" and "1". In this way pulse group duration coding is achieved. Shown as 
FIGl, the central frequency is fO in sub-channel 1, the frequencies fland f2 located at the 
two sides of the central frequency are selected as the two special frequencies. The first 
pulse group 2 corresponding to the frequency fO has the duration time tO; the second 
pulse group 3 corresponding to the frequency fl has the duration time tl . Notice that the 
first pulse group 2 and the second pulse group 3 have the same nimiber of pulses, as the 
defined number n, and they have different frequencies. The first pulse group 2 and the 
second pulse group 3 have different duration time. The difference in pulse group duration 
time can be used to make difference between the two pulse groups and further more make 
the difference between the binary digits "0" and "1". Shown as FIG.2, a binary digits 
"1001 1101" is corresponding to a sequence of pulse groups. 

In the FIG.l, and FIG.2, the first pulse group 2 and the second pulse group 3 have 
the same pulse number n, here the n equals to 4. In using the telephone lines as the 
medium for digits transmission, the number n is selected according to the length of the 



line and its signal to noise ratio (SNR). As the digits are transmitted on a long line, the 
number n is selected as a large number to ensure the duration time measurement of the 
pulse groups and minimum miscoding. But to increase the number n will decrease the 
data transmission rate. As the length of the telephone line is about 6 km the number n can 
be selected as 4. When the line is very short, the number n can be selected as small one. 
This will increase the data transmission rate. 

In the signal transmission side, the binary digits are coded in the sub-channels and 
the coded pulse signals are sent parallel on the medium. In the reception side, the signals 
in each sub-channel are received parallel. The duration time of each pulse group in all the 
sub-channel is measured for the binary digits decoding. As shown in Fig.2, the received 
sequence of the pulse groups is divided into pulse groups, and each pulse group has 4 
pulses. In measuring the duration time of the pulse groups, two values tO and tl are 
obtained. The tO is corresponded to the digit "0" and the tl is corresponded to the digit 
"1". The received sequence of pulse groups is decoded as the binary digits "1001 1101". 

The Pulse Group Duration coding method is different from other carrier modulation 
method. In carrier modulation method the carrier does not take part of the digits coding. 
Only the modulation waves take part of the coding procedure. For the Pulse Group 
Duration coding method it has no carrier or modulation waves. With the Pulse Group 
Duration coding method two frequencies are selected within a sub-channel. 
Corresponding to the two frequencies the pulse groups are generated to present the binary 
digits "0"and"r'. 

For large amount of digits transmission, the opportunity of the digit "0" is equal to 
the opportunity of digit "T'. To select n as the number of the pulses in a pulse group, fO 
and fl as the frequencies in a sub-channel for binary digits coding, fc as the central 
frequency of the sub-channel, the central frequency fc can be expressed as: 

fc = (f0 + fl)/2 

The data transmission rate of a sub-channel, Sr (in bit per second), equals to the 
central frequency divided by the nuniber n: 

Ss^fc/n 

From the equation above, the data transmission rate of a sub-channel is proportional 
to the central frequency of the sub-channel and inverse proportional to the number n. 
When multi sub-channel is used, the total data transmission rate equals to the sum of data 
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rates of all the sub-channels. 

The sub-channel bandwidth dividing is determined by the technical of the receiver 
in measuring the time difference of the pulse groups. If the receiver circuit has the 
accuracy of r% in measuring the time difference of the pulse group, the bandwidth of the 
sub-channel Bs can be: 

Bs = fc * r% 

For telephone lines, besides the POTS the bandwidth can be divided for up load and 
down load bandwidth. Suppose the receiver circuit has the ability to identify 1% time 
difference in measuring pulse group duration, the whole bandwidth can be divided as 50 
sub-channels. The average data rate of the sub-channels is about 120 kbps; the total data 
rate is 6M bps. To increase the accuracy in measuring the time differences of the pulse 
group duration, the more sub-channels can be divided and the higher data rate can be 
achieved. 

For correct data transmission and receiving it must correctly divide each pulse 
group and each byte. At the same time the data transmission £uid receiving must be 
synchronous. It is important for data transmission and receiving. It is noticed in the Pulse 
Group Duration coding method, a pulse group is consist of n pulses, a bit is expressed by 
a pulse group. The elements of the pulse groups and bits are the pulses. In applying pulse 
group duration method for data transmission it must have the same start pulse for each 
pulse group at both the data transmission and receiving side. To identify the start pulse a 
protocol is made as follows: 

Firstly, a binary number P, consisted of m bytes, is selected and sent from the data 
transmission side. At data receiving side, the received data are compared with P. If the 
received number is not the same with P, the number P will be sent from transmission side 
again. At this time one pulse should be canceled from the received serial pulses before the 
received number is compared with P. This procedure will be repeated again and again 
until the nuniber P is correctly received at the data receive side. The P might be sent 
many tinptes. The maximum times of sending the number P is equal to 8*n*m. After the 
pulse groups and the bytes are correctly divided jfrom received serial pulses, both the data 
transmission and receive sides are ready for normal data transfer. The two interfaces at 
the both data transmission and receive side are responsible for the synchronous between 
the computers and circuits. The above protocol can be executed by a special designed 



hardware or by a hardware works together with the relative software. 

With the method above, a typical application circuit has been designed and made to 
transfer full duplex digital signals over 6 kilometers telephone line (26AWG) between 
two computers. It comprises of two down load sub-channels and an up load sub-channel. 
The central frequency of the three sub-channels are 520 kHz> 450 kHz and 350 kHz 
respectively. The number n for the pulse group of the three sub-channels is selected as 4. 
With this application circuit, digital transmission over 6 kilometers telephone line is 
achieved with the total rate 330 kbps 

This application circuit is shown as Fig. 3. In applying the method in this invention 
this circuit executes the coding, decoding, and digital signal transmission. This circuit 
comprises the coding circuit 4, decoding circuit 8, telephone line 5, the filter and amplify 
module 6, the synchronous module 7, and the line driver 9. 

In the Fig. 3, the interface A is an I/O interface controlled by the counter A, Each 
time when it accepts a signal from the counter A, it accepts a byte of digits parallel from 
the data transmission computer. The digits in this byte are shifted out one by one. In this 
way this byte of digits become serial data output from interface A. The digits present as 
TTL "high" and "low" voltage level. 

In the interface A, the TTL voltage levels are further converted into two special 
voltage levels. These two special levels are used to control the voltage/frequency 
converter to generate pulses with two special frequencies. For example, the TTL logical 
levels are converted to two special levels: 4.1v and 4.0v used for the voltage/frequency 
converter to generate pulses with the two frequencies 523 kHz and 5 1 7 kHz. 

In this typical application, one pulse group consists of 4 pulses. The binary counter 
counts the pulses generated from voltage/frequency converter. As the fourth pulse is 
counted, it gives a signal to control the interface A to shift one bit for generating next 4 
pulses. These 4 pulses are used to constitute a pulse group. Its duration time is controlled 
by the state of the bit "0" or "1". In this way, the pulse group duration coding is achieved. 
These pulse groups are sent to a line driver which sends the signals over a telephone line 
(26AWG), in length of 6 km, for data transmission 

At another end of the telephone line, the signals are received. The reception circuit 
uses 6^ order filer. The bandwidth of the filter is designed to meet the bandwidth of the 
sub-channel in the data transmission side. For example, for the sub-channel with central 



frequency 520 kHz, the bandwidth of the filter at the data reception side is designed 
between 523 kHz and 517 kHz. At the same time of band filter the signals are amplified. 
The total amplify rate is about 10000. The amplitude of the output from amplifier is 
limited in the range between Ov to 4.0v. 

The limited amplitude signals are used to drive the related TTL logical circuit in the 
reception circuit. The counter B in the reception side counts the received pulses. Each 
time as it counts the fourth pulse, it takes the four pulses as a pulse group. The pulse 
group duration time measurement xmit is controlled to measure the pulse group duration 
time. 

In this typical application, the pulse group duration time measurement is substituted 
by measuring the duration time of the second pulse and third pulse in the pulse group 
with 4 pulses. An integrator is used here. At the time of the period of second and third 
pulse, a gate is open for charging the integrator with a constant electric current. Through 
two period time of charging, the voUage value at the integrator is proportional to the time 
of the two periods of the two pulses. At the time of the fourth pulse of this pulse group 
this voltage is kept and measured. And at the first pulse time of the next pulse group the 
integrator is discharged. This process is going repeatedly and generates a serial of voltage 
levels. 

In this typical application, the pulse group duration time measurement is substituted 
by measuring the duration time of the second pulse and third pulse in the pulse group 
with 4 pulses. It has two reasons to like this. The first reason is to arrange the time for 
charging the integrator, measuring the charge on the integrator, and discharging the 
integrator; another reason is more important for achieving a reliable measurement to the 
duration time of the pulse groups. In the long line signals transmission, the frequency 
change between two pulse groups needs some interim time. The second and the third 
pulses are located in the middle of the pulse group that avoids the interim time of the 
frequency change. Reliable measurement of the duration time of the two pulses is 
achieved, which is proportional to the whole duration time of the pulse group, and can be 
used as the substitution to the whole duration time of the pulse group. 

The duration time of the pulse group is expressed by the voltage value at the 
capacitor of the integrator. The higher voltage at the capacitor expresses longer time 
duration of the pulse group, and the lower voltage at the capacitor expresses shorter time 



duration of the pulse group. To convert the two voltage values into TTL logical levels, 
the decoding is achieved. These TTL logical levels are the serial signals. In this typical 
application circuit, these serial signals are converted into 8 bits parallel signals by the 
interface B, and sent to the reception computer. 

In the Fig. 3, the synchronous module 7 is used for synchronize the transmission 
signals v^ith the reception signals that comprising: the pulse canceling unit and the 
comparator. The comparator compares the decoded signals from decoding module 8 with 
a pre-selected mark number. If they are not the same, the pulse canceling unit will cancel 
one pulse. If it is the same, the pulse canceling unit will not work. For example, A 4 bytes 
said mark number P is selected. Send the P from data transmission side repeatedly. In the 
comparator, the received 4 bytes number is compared with P. The pulse canceling unit 
will cancel one pulse from received sequence of the pulse groups, and the comparator 
starts the next 4 bytes number compare. These compare process is going repeatedly until 
the mark number P is received. In this time the received sequence of the pulse groups is 
divided correctly and both the data transmission and reception side are ready for normal 
digital data transmission. 

In the typical application circuit, two dovm load sub-channels and one up load 
sub-channel are comprised with full duplex digital data transmission. In both the data 
trmismission and reception sides the commercial DSL driver and the relative circuits are 
used for signals drive and echo-canceling. 

In the typical application circuit the telephone line is used as the digital data 
transmission medium. The method in this invention can be applied to other mediums. For 
example, the method in this invention can be used for digital signal transmission over 
coaxial cable or other electric cable. The method in this invention also can be used for 
wireless digital signal transmission, that medium is the electromagnetic wave. 
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